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OVERALL AND BLADE-ELEMENT PERFORMANCE OF A 1.20-PRESSURE-RATIO
FAN STAGE AT DESIGN BLADE SETTING ANGLE
by George W. Lewis, Jr., and Edward R. Tysl
Lewis Research Center
SUMMARY
A 51-centimeter-diameter model of a short-haul fan stage was tested in the Lewis
single-stage compressor research facility. This stage was designed and built on con-
tract by the Hamilton Standard Division of United Aircraft Corporation. Surveys of the
air flow conditions ahead of the rotor, between the rotor and stator, and behind the stator
were made over the stable operating range of the stage. Flow and performance param-
eters were calculated at the blade leading and trailing edges. Surveys were taken at
equivalent rotative speeds of 80, 90, 100, 110, and 120 percent of design speed.
At the design speed of 213. 3 meters per second and weight flow of 31. 2 kilograms
2per second (195. 3 kg/(sec)(m ) of annulus area), the stage pressure ratio of 1. 16 was
less than the design value of 1.2. Peak stage efficiency was 0. 90 at 110. percent design
speed, at a pressure ratio of 1. 218 and at a flow rate of 30. 2 kilograms per second.
Maximum pressure ratio for this fan stage was 1. 269 at 120 percent of design speed.
INTRODUCTION
NASA is currently engaged in investigating short-haul-type aircraft for commercial
application. These aircraft must be dependable, economical, and have an efficient.and
reliable propulsion system which satisfies the low noise requirements for urban commu-
nities. The aircraft engines must be capable of a variety of operating conditions from
takeoff, cruise, and approach to possible thrust reversal on landing.
In support of this program, the Lewis Research Center is investigating a variety of
fan stages for short-haul engines. The low pressure ratio stages suitable for this ap-
plication must operate at low tip speeds to attain the required low noise level. The
Hamilton Standard Division of United Aircraft Corporation designed and fabricated under
contract for NASA Lewis a full-scale (183-cm-diam.) fan stage and a 51-centimeter-
diameter model of the full-scale fan stage to be tested in the single-stage compressor
test facility. The design and overall performance of the model stage was reported
(ref. 1) at speeds of 80, 90, and 100 percent of design and for three rotor blade setting
angles - design, design minus 5°, and design minus 7°. Noise characteristics for the
full-scale fan are reported in reference 2. This report presents the design of the stage,
and the experimental, overall, and blade-element performance for the stage at design
rotor and stator blade setting angles.
Both overall and blade-element performance data are presented over the stable op-
erating range for 80 to 120 percent of design speed. Surveys of the flow conditions were
taken at nine radial positions. The tests were conducted in the single-stage compressor
test facility at the Lewis Research Center.
AERODYNAMIC DESIGN
The fan stage was designed for a pressure ratio of 1. 20, a rotor tip speed of 213. 3
meters per second, efficiency of 0. 908, and a weight flow per unit annulus area of 195. 3
kilograms per second per square meter. The additional requirements for the fan stage
were low noise and adjustable rotor blades. The overall design parameters for this stage
which consists of rotor 55 and stator 55 (designated stage 55-55) are listed in table I.
The selected flow path is presented in figure'!.
The rotor utilized double-circular-arc blade profiles. The rotor was designed with
a tip solidity of 0. 89 and a hub-tip radius ratio of 0.46. This resulted in 15 rotor blades
with an aspect ratio of 1. 43. The stator blades were designed utilizing NACA 400 Series
airfoils. The constant chord stator blades had a tip solidity of 0. 712 and a hub-tip radius
ratio of 0.47. This resulted in 11 stator blades with an aspect ratio of 1. 27.
The blade-element design parameters for this stage are presented in tables II and
HI, respectively. The blade geometry is given in table IV for the rotor and in table V for
the stator. The blade-element design parameters shown are those supplied by the con-
tractor. The symbols and equations are defined in appendixes A and B. The definitions
and units used for the tabular data are presented in appendix C.
APPARATUS AND PROCEDURE
Compressor Test Facility
The compressor stage was tested in the Single-Stage Compressor Test Facility. A
schematic diagram of the facility is shown in figure 2. Atmospheric air enters the test
facility at an inlet located on the roof of the building, flows through the flow measuring
orifice and into the plenum chamber upstream of the test stage. The air then passes
through the experimental compressor stage into the collector and is exhausted to the
facility exhaust system.
Test Stage
A photograph of the test stage mounted in the research facility is shown in figure 3.
Photographs of the rotor and stator are shown in figure 4. The 15 rotor blades were
machined from a titanium alloy.
The rotor blade tips were contoured to provide adequate clearance for resetting the
blades to a reverse flow position to provide reverse thrust capability. The nominal tip
clearance at the rotor blade centerline was 0. 06 centimeter. At the leading and trailing
edges, the tip clearances were approximately 0.08 centimeter for the design setting
angle. The stator blades were machined from an aluminum alloy. The stators are sup-
ported at both the hub and tip.
Instrumentation
The compressor weight flow was determined from measurements on a calibrated
thin-plate orifice that was 38.9 centimeters in diameter. The orifice temperature was
determined from an average of two Chromel-constantan thermocouples. Orifice pres-
sures were measured by calibrated transducers.
Radial surveys of the flow were made upstream of the rotor, between the rotor and
stator, and downstream of the stator (see fig. 1 for axial location). Photographs of the
survey probes are shown in figure 5. Total pressure, total temperature, and flow angle
were measured with the combination probe (fig. 5(a)) and the static pressure was meas-
ured with a 8° C-shaped wedge probe (fig. 5(b)). Each probe was positioned with a null-
balancing, stream-directional sensitive control system that automatically alined the
probe to the direction of flow. The thermocouple material was Chromel-constantan.
Two combination probes and two wedge static probes were used at each of the three
measuring stations.
Inner and outer wall static pressure taps were located at approximately the same
axial stations as the survey probes. The circumferential locations of both types of sur-
vey probes along with inner and outer wall static pressure taps are shown in figure 6.
An electronic speed counter, in conjunction with a magnetic pickup, was used to
measure rotative speed (rpm).
The estimated errors of the data based on inherent accuracies of the instrumentation
and recording system are as follows:
Flow rate, kg/sec ±0. 3
Rotative speed, rpm ±30
Flow angle, deg ±1
Temperature, K ±0.6
2Rotor inlet total pressure, N/cm ±0.01
p
Rotor outlet total pressure, N/cm ±0.10P
Stator outlet total pressure, N/cm ±0.10
2Rotor inlet static pressure, N/cm ±0.04
O
Rotor outlet static pressure, N/cm ±0.07p
Stator outlet static pressure, N/cm ±0.07
Test Procedure
The stage survey data were taken at 80, 90, 100, 110, and 120 percent of design
speed. The data, at each speed line, were taken over a range of weight flow from max-
imum flow to the near-stall conditions. Data were recorded at nine radial positions for
each speed and weight flow.
At each radial position the two combination probes behind the stator were circum-
ferentially. traversed to nine different locations across the stator gap. The wedge probes
were set at midgap because previous studies showed that the static pressure across the
stator gap was constant. Values of total pressure, temperature, and flow angle were re-
corded at each circumferential position. At the last circumferential position values of
pressure, temperature, and flow angle were also recorded at stations 1 and 2. All
probes were then traversed to the next radial position and the circumferential traverse .
procedure repeated.
At each speed the back pressure on the stage was increased by closing the sleeve
valve in the collector until a stalled condition was detected by a sudden drop in stage out-
let total pressure. This pressure was measured by a probe located at midpassage down-
stream of stators and was recorded on an X-Y plotter. Stall was corroborated by large
increases in the measured blade stresses on the rotor with a sudden increase in audible
noise level.
Calculation Procedure
Measured total temperatures and total pressures were corrected for Mach number
and design streamline slope. These corrections were based on instrument probe cal-
ibrations given in reference 2. The stream static pressure was corrected for Mach num-
ber and streamline slope based on an average calibration for the type of probe used.
Due to the physical construction of the C-shaped static pressure wedges, it was not
possible to obtain static pressure measurements at 5, 10, and 95 percent of span from
the rotor tip. The static pressure at 95 percent span was obtained by assuming a linear
variation in static pressure between the values at the inner wall and the probe measure-
ment at 90 percent span. A similar variation was assumed between the static pressure
measurements at the outer wall and the 15 percent span to obtain the static pressure at
5 and 10 percent span.
At each radial position, averaged values of the nine circumferential measurements
of pressure, temperature rise, and flow angle downstream of the stator (station 3) were
obtained. The nine values of total temperature were mass-averaged to obtain the stage
total temperature rise. The nine values of total pressure were energy averaged. The
measured values of pressure, temperature, and flow angle were used to calculate axial
and tangential velocities at each circumferential position. The flow angles presented for
each radial position are calculated based on these mass-averaged axial and tangential
velocities. To obtain the overall performance, the radial values of total temperature
were mass-averaged and the values of total pressure were energy-averaged. At each
measuring station, the integrated weight flow was computed based on the radial survey
data.
The data, measured at the three measuring stations, have been translated to planes
approximating the blade leading and trailing edges by the method presented in reference 3.
The weight flow at stall was obtained in the following manner: during operation of the
near stall condition, the collector valve was "slowly closed in small increments. At each
increment the weight flow was obtained. The weight flow obtained just before stall oc-
curred is called the stall weight flow. The pressure ratio at stall was obtained by extrap-
olating the total pressure obtained from the survey data to the stall weight flow.
Orifice weight flow, total pressures, static pressures, and temperatures were all
corrected to sea-level conditions based on the rotor inlet conditions.
RESULTS AND DISCUSSION
The results from this investigation are presented in three main sections. The over-
all performance for the rotor and the stage are presented first. Radial distributions of
several performance parameters are then presented for both the rotor and the stator.
Blade-element data are presented for both rotor and stator. The data are computer
plotted, and occasionally a data point is omitted when it falls outside the range of the
parameters shown in the figure.
All the plotted data together with some additional performance parameters for the
fan stage are presented in tabular form. The overall performance data are presented in
table VI. The blade-element data are presented first for the rotor in table Vn and then
for the stator in table VIII. The definitions and units used for the tabular data are pre-
sented in appendix C.
Overall Performance
The overall performance for rotor 55 and stage 55-55 are presented in figures 7
and 8, respectively. For both of these computer-plotted figures, data are presented for
five speeds from 80 to 120 percent of design speed. Design-point values are shown as
solid symbols on both figures.
The stall points for each speed line were established by extrapolating the overall
performance curves to the stall weight flow value recorded with the on-site computer.
The stall lines (dashed lines) shown in figure 8 were then established by fairing a curve
through the stall points associated with each speed line.
The design speed peak efficiency, of 0. 87 for the stage, occurred at a measured
p
equivalent weight flow of 26. 7 kilograms per second (167 kg/sec/m of annulus area) and
pressure ratio of 1. 177 as compared to the design weight flow of 31. 2 kilograms per sec-P
ond (213 kg/sec/m of annulus area) and pressure ratio of 1. 196. At 110 percent speed,
the peak efficiency of 0.90 occurred near design weight flow; the pressure ratio of 1. 218
exceeded design.
The rotor efficiency (fig. 7) of 0. 92 occurred at an equivalent weight flow of 30. 0
kilograms per second at design speed and decreased from 0. 94 at 80 percent speed to
0. 88 at 120 percent speed while the stage efficiency peaked at 110 percent speed. The
maximum stage pressure ratio of 1. 269 was obtained at 120 percent of design speed.
At design speed, the stall margin for the stage was 18 percent. The stall margin,
defined in appendix B, was based on the equivalent weight flow and pressure ratio at
which peak efficiency occurred, as compared to the values just prior to stall.
Radial Distributions
The radial distributions of selected flow and performance parameters for both rotor
and stator are shown in figures 9 and 10. The results are presented for three flow rates
at design speed. The data shown represent the flow conditions at near stall, peak effi-
ciency, and near choke. The performance at peak efficiency is compared to design even
though peak efficiency occurred at a considerably lower weight flow (26. 7 as compared to
31.2 kg/sec).
Rotor. - The measured and design energy input at peak efficiency agree at all span
locations except near the hub (90 and 95 percent span) where a small dropoff in measured
temperature ratio is noted. The measured total pressure ratio was less than design from
the rotor tip to 70 percent span and compares with design from 70 percent span to the
hub. The deviation angles are higher than design from the tip to 70 percent span and
slightly lower from 70 percent span to the hub. The loading as indicated by the D-factor
was slightly higher or equal to design values across the blade span. Losses are some-
what greater than design values at all span locations except at the 70 and 95 percent sta-
tions where losses are equal to the design values.
Stator. - The total loss coefficient for the stator at peak efficiency was higher than
design from the blade tip to about 80 percent span; from 80 percent span to the hub, the
measured losses were lower than design. The stator blade loading (D-factor) had a sim-
ilar distribution and was higher than design from the blade tip to 70 percent span and
lower from 70 percent span to the hub.
Variations of Blade-Element Performance with Incidence Angle
The variations of selected blade-element performance parameters with incidence
angle are shown in figure 11 for the rotor and in figure 12 for the stator. The data are
presented for 80, 100, and 120 percent of speed at blade elements on streamlines located
at 5, 10, 30, 50, 70, 90, and 95 percent of blade span as measured from the rotor-outlet
blade tip. Design values are indicated by solid symbols.
Rotor. - At the three outer span locations (5, 10, and 30 percent span) the minimum
loss with incidence angle is shown and at design speed corresponds to the design inci-
dence angle. At the radial stations closer to the hub (50 to 95 percent span) losses con-
tinue to decrease with increasing incidence angle; however, at design incidence, the
measured loss is somewhat greater than design. At design incidence angle both the work
input (temperature ratio) and the pressure ratio are consistently less than design value..
There is a marked increase in loss in the rotor tip region for 120 percent speed. The
relative inlet Mach numbers are approaching unity at. this speed (table VII) and apparently
local shock patterns on the blade surfaces cause these higher losses.
Stator. - Minimum loss values were defined for this stator from the tip down to the
50 percent span location (fig. 12). At all elements except 90 and 95 percent spans, the
measured losses were greater than the design values at design incidence. The loss
curves indicate that the minimum loss value occurred at incidence angles about 8° higher
than the design value at the 5 and 10 percent span locations. Minimum loss-incidence
and design loss-incidence coincide at the 30 and 50 percent spans. At the 70, 90, and
95 percent span locations, the minimum loss-incidence was not established.
SUMMARY OF RESULTS
This report presents the aerodynamic design and both the overall and blade-element
performance of a 51-centimeter-diameter fan stage compressor model of a 183-
centimeter fan. This stage is one of a series of low-tip-speed - high-flow research fan
stages presently being investigated for both aerodynamic design and noise generation.
o
The stage has a design equivalent weight flow of 31. 2 kilograms (195. 3 kg/m of annulus
area) at a rotor blade tip speed of 213 meters per second. Radial surveys of the flow
conditions at the rotor inlet, rotor outlet, and stator outlet were made over the stable op-
erating flow range of the stage at equivalent rotative speeds from 80 to 120 percent design
speed. Flow and performance parameters were calculated across a number of selected
blade elements. The following principal results were obtained:
1. The fan stage peak efficiency of 0. 87 occurred at an equivalent weight flow
of 26. 7 kilograms per second at a design speed of 213 meters per second and a pressure
ratio of 1. 177. Design values are 0. 90, 31. 2, and 1.196, respectively. Rotor peak effi-
ciency occurred at an equivalent weight flow of 30. 0 kilograms per second. Peak effi-
ciency of 0. 90 for the stage was obtained at 110 percent speed, a pressure ratio of 1. 218,
and weight flow of 30. 2 kilograms per second.
2. Maximum stage pressure ratio of 1. 290 was obtained at 120 percent speed and
flow of 29.4 kilograms per second.
3. The stall margin for this fan stage is 18 percent at design speed.
4. Radial distributions of rotor blade-element performance parameters at design
speed and peak efficiency flow condition indicate somewhat higher than design losses and
lower than design pressure ratios at design energy input levels. Stator blade losses and
loading were also higher than design from the blade tip to 70 percent span.
Lewis Research Center,
National Aeronautics and Space Administration,





Aan annulus area at rotor leading edge, 0.160 m
9
Af frontal area at rotor leading edge, 0. 203 m
C specific heat at constant pressure, 1004 J/(kg)(K)
c aerodynamic chord, cm
D diffusion factor
i mean incidence angle, angle between inlet air direction and line tangent to blade
mean camber line at leading edge, deg
N rotative speed, rpm
P total pressure, N/cm2
9
p static pressure, N/cm
r radius, cm
SM stall margin
T total temperature, K
U wheel speed, m/sec
V air velocity, m/sec
W weight flow, kg/sec
Z axial distance references from rotor blade hub leading edge, cm
a cone angle, deg
\s
a slope of streamline, deg
j3 air angle, angle between air velocity and axial direction, deg
0' relative meridional air angle based on cone angle, arctan (tan 0' cos a /cos a ),
*-* m c s
deg
•y ratio of specific heats (1.40)
5 ratio of rotor inlet total pressure to standard pressure of 10. 13 N/m
5 deviation angle, angle between exit air direction and tangent to blade mean camber
line at trailing edge, deg
0 ratio of rotor inlet total temperature to standard temperature of 288.2 K
T] efficiency
K angle between the blade mean camber line and the meridional plane, deg
ill \j
a solidity, ratio of chord to spacing
oJ total loss coefficient
oJ profile loss coefficientP ^
oJ shock loss coefficients
Subscripts:
ad adiabatic (temperature rise)
id ideal




TE blade trailing edge
z axial direction
0 tangential direction
1 instrumentation plane upstream of rotor
2 instrumentation plane between rotor and stator
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DEFINITIONS AND UNITS USED IN TABLES
absolute
straight line between blade leading and trailing edges along design .
streamline, cm
ratio of actual flow area to critical area (where local Mach number
is one)
meridional air angle, deg
angle between axial direction and conical surface representing blade
element, deg
deviation angle (defined by eq. (B2)), deg
diffusion factor (defined by eq. (B3))
adiabatic efficiency (defined by eq. (B8))
inlet (leading edge of blade)
incidence angle (mean defined by eq. (Bl)), deg
angle between the blade mean camber line at the leading edge and the
meridional plane, deg
angle between the blade mean camber line at the trailing edge and the
meridional plane, deg
angle between the blade mean camber line at the transition point and
the meridional plane, deg
loss coefficient (total defined by eq. (B4) and profile defined by
eq. (B5))


































percent of blade span from tip at rotor outlet





relative to the blade
inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position
equivalent rotative speed, rpm
angle between aerodynamic chord and meridional plane, deg
ratio of aerodynamic chord to blade spacing
speed, m/sec
slope of streamline, deg
tangential
temperature, K
thickness of blade at leading edge, cm
thickness of blade at maximum thickness, cm
thickness of blade at trailing edge, cm
total
difference between inlet and outlet blade mean camber lines, deg
velocity, m/sec
equivalent weight flow, kg/sec
ratio of suction surface camber ahead of assumed shock location
of a multiple circular arc blade section to that of a double
circular arc blade section
axial distance to blade leading edge from inlet, cm
axial distance to blade maximum thickness point from inlet, cm
axial distance to blade trailing edge from inlet, cm
axial distance to transition point from inlet, cm
15
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TABLE I. - DESIGN OVERALL PARAMETERS
FOR STAGE 55-55
ROTOR TOTAL PRESSURE RATIO 1.205
STAGE TOTAL PRESSURE RATIO 1.196
ROTOR TOTAL TEMPERATURE RAT 10 1.058
STAGE TOTAL TEMPERATURE RATIO 1.058
ROTOR ADIABATIC EFFICIENCY 0.940
STAGE ADIABATIC EFFICIENCY 0.903
ROTOR POLYTROPIC EFFICIENCY 0.941
STAGE POLYTROPIC EFFICIENCY 0.906
ROTOR HEAD RISE COEFFICIENT 0.348
STAGE HEAD RISE COEFFICIENT 0.334
FLOW COEFFICIENT 0.861
HT FLOW PER UNIT FRONTAL AREA 153.970

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A X I A L DIMENSIONS
Zl ZMC ZTC ZO
.634 25.502 25.502 31.982
628 25.489 25.489 31.967
631 25.486 25.486 31.961
642 25.490 25.490 31.963
650 25.473 25.473 31.937
.662 25.453 25.453 31.899
.673 25.426 25.426 31-.844
.681 25.404 25.404 31.800
.684 25.398 25.398 31,787
.686 25.392 25.392 31.775













































































































































TABLE VI. - OVERALL PERFORMANCE FOR STAGE 55-55
(a) 80 Percent design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE R A T I O
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED
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(b) 90 Percent design speed
Parameter
ROTOR TOTAL PRESSURE R A T I O
STAGE TOTAL PRESSURE R A T I O
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED

































































































(c) 100 Percent design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE R A T I O
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED


































































































TABLE VI. - Concluded. OVERALL PERFORMANCE
FOR STAGE 55-55
(d) 110 Percent design speed
Parameter
ROTOR TOTAL PRESSURE R A T I O . .
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT..
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
HT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED



























































(e) 120 Percent design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE R A T I O
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RAT IO
ROTOR TEMP. RISE EFFICIENCY...
' STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT.
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED




























































TABLE VH. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 55
(a) 80 Percent design speed; reading 1597























































































































































1 1 0 . 0
1 19 .7
108.3
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1 0 . 1 4
10 .14
10.14
1 0 . 1 4




































































TABLE VII. -Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 55
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10 .00
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1 1 1 . 7
1 1 0 . 0
1 1 0 . 1
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0.099
0 .047






































































































TABLE VII. -Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 55
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TABLE VII. -Continued. BLADE-ELEMENT DATA AT BLADE EDGES
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TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 55
(i) 90 Percent design speed; reading 1604
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TABLE VII. -Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 55
(k) 100 Percent design speed; reading 1614
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TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
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TABLE VTI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 55
(n) 100 Percent design speed; reading 1603
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TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
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TABLE VII. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 55








































































































































































































































































































































































































































TABLE VIE. - BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 55










































































































































































































































































































































































































































TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 55
(b) 80 Percent design speed; reading 1598

































































































































































































































































































































































































































TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 55
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 55
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TABLE VIII. - Continued." BLADE-ELEMENT DATA AT BLADE EDGES
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TABLE VIE. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 55
(i) 90 Percent design speed; reading 1604












































































































































































































































































































































































































































TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 55
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TABLE VIH. -Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 55
(k) 100 Percent design speed; reading 1614
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TABLE VIE. -Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 55
(n) 100 Percent design speed; reading 1603



















































































































































































































































































































































































































































TABLE VIH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
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FOR STATOR 55




































































































































































































1 1 . 1











































































































































0 . 0 0 1
-0.066






0 . 0 1 1
0.035














































































TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 55
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TABLE VIE. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES
FORSTATOR55
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Axial distance (referenced from rotor hub leading edge), z, cm








Col lector throttle valve
Gear box \ \ >Test stage. rp|enum\ \ i
Atmospheric exhauster piping
CD-10916-11
Figure 2. - Single-stage compressor facility.
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C-72-3454
Figure 3. - Fan stage 55-55 in compressor research facility.
66
C-72-3909 C-72-3907
(a) STOL rotor 55. (b) STOL stator 55.









(a) Combination total pressure, total temperature, and flow (b) Static pressure probe; 8° C-shaped wedge,
angle probe.
Figures. - Survey probes.
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V26.5° r42.5°
Station 1 Station 2
-24.5°
53°
o Wall static pressure
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